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(54) SIUCON SINGLE CRYSTAL WAFER AND ITS PRODUCTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To produce using CZ method under stable conditions a silicon single crystal wafer having OSF or OSF 
nuclei on the whole crystal surface or the whole crystal surface except the outer peripheral part when subjected to thermal oxidation 
treatment and having gettering ability as well. 

SOLUTION: This silicon single crystal wafer is produced according to the following procedure: during crystal growth process, the in- 
oven temperature of a production unit used is controlled in such a manner that AG stands at <0 when AG is defined as: AG=(Ge-Gc) 
[G is the temperature gradient between the crystal melting point and 1.400** 0 in the vicinity of the solid-liquid interface in the 
crystal (magnitude of temperature change/length in the direction of crystal axis) (** C/cm); Go is the temperature gradient at the 
central part of the crystal: Ge is the temperature gradient of the peripheral part of the crystal], and the resulting single crystal is 
pulled up under control within the range between the pull-up rate corresponding to the minimum value of the inside line of OSF region 
and that corresponding to the maximum value of the outside line of the OSF region when the OSF region represents band-like inverse 
M shape or U-shape in the diagram showing crystal defect distribution with crystal diameter as abscissa and pull-up rate as ordinate. 
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$i^*^nat*;{c^5-7u l. . o s f mmm<D9^msiiifi i - 

[0037]ig3 (b)». C5 UTf96nfc«*SII» 

©ji-ji©osF*s^^igs (N-«iis) imwiLxm^ 
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0%tCO S F*-SCn3:-?-CDj8ffi^3&s??eEl/-CCi 3 

[0 0 3 8] 3SfcAG*iO*e;i-C-7'7XCD«^. TJ^jr 

Gc J:»3Ji5t,»lii^J3:. fi!ESjiS*^#5jO. 6~0. 4min 
/m i nO^HKteCi-C. 05 tc^^O/cJ: ^5 (CO S F tt 

•r. ^@±iS©AG*JOiS/£:(igl©iSS?l±tfi?S*fig 

[0039] C©P3S{C*il^ 5>5l±lf^©j^rtSStC 
ot,»T». ^^ei^^§TV:7 hFEMAG (F. Dup 
ret, P. Nicodeme, Y. Ryckman 
s. P. Wouters. and M. J.Croch 20 
et. Int. J. HeatMass Transfe 
r. 33, 1849 (1990) ) ^rffiffl LXmmmVr 

[0 04 0]—:^. 3^^Hj©^x-.'>tc??aE-r-sosF 

Si l/fcJS^tctt. O S F LT ibJSiKfk^lia 

«cJ:i3 0SF^^^-r'5Ci(*iS:<> 7=^^•-^ :^K:i5^i'^: 

®ffi!5SiSS*^24ppma (ASTM' 7 9) ^mx$> 

nti. ■^7xw^cc)SglE?^bjaffi*^f-5fcB$K:osFffia:* 

10 Oil/cm' «TK:»*lJ-C*2>Ci, *SC>»^^ 

[004 1] -r^ct)^. laatcjcntf. — 

K<t5aS4?f -sfc^CCO S F*SSS^3il*CD»2 4 p p 
ma*-C-C. 2 4p pma*jej-CBOSF<DS«?¥«E-r 

[0 042] mSJ^^H^(OmmiSi&i: 2 4 p 

pma*si{c-r*«:t*. fie^ja^e— «8{cm»e»nrc*e 

imum^is^^m^Lxmm(oimi:pmri>mo:>^ 

[0 04 3] Uis. *^^K:J;D^'PS^3*afc■^7x-^^<D 

SS5®!^ tjaii^ o^tsgjcfiafer ^ o s F ©rnaft, i o o 
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<Dm^. OSF^S©a"J5eW. i✓y3>^^gS'?x-.'^ 

tc. 1 2 0 o*c/i 0 o^oi^jaasiSL/ccDfe. ^-f 

h (Wr i «h t) ffiT?S»;xt,^>i^®aLriiJSL 

[0044] ^^mx^mr^ c z ffitcj: smite 

B^? I±tf ^g©^i^^=SrH 4 ( a ) tc J: «p UfcegT 0 

4 (a) fC^j^-rj:^^. CCD**SS?|±{f^S3 0B> 
?l±lf^3 1 i. ?|±lf^3 1 *tC^W6n/c^U7d^3 
2t. .»l'':yjK3 2©JSH{ci^3nfch-5f 3 4t, il' 

y3>it« <)§) 2«rJR^-rSffl!JCC»53|JU-;/;j<*sa:l:f 

/c. t-af3 4<DJ^fliJ^HCC«{RM**3 5*!^S*l"C 

[0045] as/c. *^l9cr)SjS*ffitCH*DSSjt*# 
^^n-ri>tcii>ic, teS(D@?SI1lffi4Cr)i^StC]gtt©@ 
?g??ffi»rl»«8?:^C:frt».S. C©B«WS»rS»M8 
tt. ■€-©T3S8ti"J3>B!?S!2©jg®3i©ra«:5~l 
Ocm©ra|!@l 0*a:t:J-C^g$n-Ct,>2). 04 (b) 
fCin L.?c t ?:H^r €.KI»« 3 5 ©±K:a:W 6tifc 
iSP»ri»**9{i. jPi^jae^{cJ:orfi»ffl-rsfc© 
■C> -e©^^i*. mmi Oilin^-S-i>Ct(,ctj:i>, 36 

■5. JS'Jtc. MiS:xm\±lim.3 1 ©^^^^[SlOJI-il'JK:. 

S(,»«Si»7^i6j^©^^^Entin-rsci(c,i:-5r. mm 

[0046] -^Xic. ±ia©*i*saf i±if^S3 o jcj: s 
miteSWfiS:^tco(,>rgii9t- s. -ii/':/sJf3 2rt 

-C-S^ y 3 >©ji5^S^M^Jlf4^&SL'^ (ii^) 1 4 2 0- 

c) juiKjnfSu-cgsj^-rs. 'XK. ■7'fi'7*^s*tH 

^C<!:{CiDlSl!«2 ©^SBSttJ-DSPtcSiteB^ 5 ©5tffi* 
«Si!XW»2R3-t±S. -£-©11^, Jl/^y^'S^IASS'Sriiig 
©Sri^tc0IE3-t±Sti4>ti:, ■7-f-V7*|5iiE3-t±>i*s 
6^#K»)®iga5«r?IJ:lfSCiK:J:0. 

5 C i K: J: 0 BSRt±}Bt^e©*es» 1 4® 4 C i *ir # 

s. 

[0047) C©»^. *^WrW. 2|!:^IB©Sfl«J*ai 
fiST-S/c«6CC!|tKa^-C*S©«> 04 (a) ttcim 
4(b) CC^L/fc<fc5K:. ?l±lfS3 l©a®±©*«S 
S^l>4i©%tii:^^©^J9^(c4sc>-t:. ;^ffii&^©IS 
S©B1^*> 6 1 4 0 0 -CS xa:>UlSMffiUWx^ S J: 5 
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icmi^<DmTi&nmmmtt s^m-ffcctt. nm^ 3 5 

[0 04 81 -r^eto^. C(Dj^F«9iag€:*IJiai-rSfcJ& 
tc. 04 (a) {c^ty/i:J:^(c. ?l±lf^3 1 p^KiH* 

1 0?:5~1 0 cinK:ig3£rn«J:t». C5-rti«. ± 

iai!Ssc|5,c^sq»©jaS43ieG c [-c/cm] iissjia 

SP^OiaS^JiaG e [-C/cm] i<DMAG= (Ge- 

^;jse©7&*i^B^*'Cv J: tiis < i^c 2. =t ^ tc^prtsa^ftUffl) 

•rSCi*i-C#-5. SIJ©:6-ffii: bT«. S4 (b) tC^n 
i* 9 immU 3 5 (D±fC,ttaPS U-C±gPSS*»6>©]KSl 
[0049] lufaiSSfi!cfi^©?l±tfaK<DiR}K 
L/c?|±tfjiS©¥1^3«i± 0. 0 1 tmm/'mi n] 

{c*n«. ±iBj^F«3fief (AG) i?i±if»agfefMii 

[0050] l^:l±m'<itiy V n >#*SB^CDt?^5^^-CS 

fc, jis^ffi* immsnim^^tc^Mdc o s f t /c 
«0 S F S n-S C i J; f? y f J > ifm:ti 

3W«L/<(flI±L/. *>-^FPD. COPSCJfL/D^t-^yx 

^a4L/;rc^lc^-r-50SF©SS*il 0 0<i/cm 
[0051] 

[Hist?!)] iur. :$^¥^m<ommm^mi.^x?iim-r?>i}i. 
<^tfeF( 1)04 ( a ) icrrtofciyjiid^ms 0 r-. 2 

4 ■i>=^:En}l^-y4<icmm0'fS^Biyj l O O K b 
^^r-S'L. ii:a8-f>f^. *fii<100>. ItMgS 
*sjlm<Di'y3>*iKS*?*5l±lffc. ffifflLfcjtPrtIt 

it (^-^ hv^-> : HZ) », mm^tm^mm^mm 

ISilvtSCDTiiSiiDH^l 0=£6 OmmtCg^L.. '>y3 

m^. mmi. u-csoooGauss o:>mmmi:imi^ 

tc 

[0052] «Ji©^fl=Tr^i^J5l±lf 0 . 6 ~ 
0. 3mnj/m i n as'C. 10cm9(C0. 0 5mm/ 
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m i n-5oj^l^T^{t3-li-C. O S F*^^H^/^V^^'Ill 
«C«3 0»ffl-fe3 • x^.5^>y4ifib/cfil. FPD. L 

/Dimmi^fc, ifc. 3gi»5©i«?{c-:)i»-c«. 120 

0-C/l 0 Of^Ni(DmMm=kmLfcm, =7^ 
x>5^>y5JiSL/rOSF<D^^l^iJJ?rSig2L/fc. 

10 t^mmi^. mk\t.^\hvf^SL^iiZ>. gi«>e>osF 

fcAKW. fiSSSatrO. 4 7~0. 4 5mm/min 

[0053] yctc. ±iSISS • HHifel^* jcK:. i^^S 
rt^ffi*SO S F«^t?***^B§ft?:iteg,W:^fC|£7t 
•T'S/catC. SSKSSiilg ( 0 . 4 7~0. 45 mm/ 
m i n ) {Cg3eU, ifeSSSgpo^gS? 1 0 c mCTi 

cc@m u te a^fi£Sjis©¥i^»ffl ± o . o i jwrt i s 

20 J:5{c*ijfflib-c?l±lffc. c 5 LTf#6n/c^B^* 

T? I±lf /cap^tt^CD^SOCS -5 T O S F ««*iRfet«: 
fc^^fi 0 . O S F ^«tW1-©i^S*« 1 - y 5^fliJON - 

[0054] SljK:±Si|^^r#MS^*5l±lf . ^ 

SWIif±±lf'i?x-/NK:l]niL/. FPDv L/D. OS 
F©Sffi?:?fo/c. -ew^m. 03 (a) CCmL/fcJ;^ 
&OSF*S9 5%cl>RJ^JC:»i^JL/. O S F «JgtJ!ili4cDi1- 
30 jgj&s I - y ^.?^^glJ©N-^^■C*-S•>I--'^r*-^/c. 
^Or. FPD. L/D«II^Sn>i3&>-ofc. ^ifc. c 

1 ) mmm- : 2 5 n m. 2 ) S'M^® : y > K 

• 3i«y j^y 3>. 

3) mmmSc Smm* , 4) ^jmSjj^: 1mA 

/cm* , 

5 > *IJ 52: i»«tK«SISl3!»i 8 M V/ c mJ«±® 
40 ^p°pi*IJ^L/c. 

[0055] (lliS{?d2) jiPrt«it^:04 (b) K^nO 
J: ^ tc. »fl^.|5j 3 5 ©±tC±glI»H^*t 9 . 

V n >g!i!?siia 3 tmmmmmsxim s ©r^^ ©ni@ 

1 0 5 0 mm i h1dm\mi'Sm 1 il^ D^f^^t?? |± 
Cffc^m. ^^1 <i:«(S|^i;a«©^S^*fi^c. 

[0056] (^i^ 3 ) is^s^^<rmmm.^ 2 4 
p p m a ny^mxidm\i.. mmm 1 <t isi^ft^-c? i± 

tf. i^Pfi=&Sffit//ciC5. OSF«tgt«:*JW^OSF 
©ffiStt. 0~10ffl/cm' . *l&|!j2fH/cm' "C 
50 *»). S»-Cfi!Ber*0. J&<£:«^Snft*^o/c. 
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[0057] {mmm4 ) :^^m<Dmmmvmcu >j a > 

■5:^i£-e^S3-t±/c. -g-bT. iff ^P@CD«® 
S F (.fSmXfS, stacking Fault) 
ix jl/ .^7 X — /^ -C* -:> fc, 

[ 0 0 5 8 ] ^C*J. ±i^i6Jf$gltCKS3iT. 
[005 9] ±i3IIS6}^,m*JC»-C». ifiSS 

[0060] 

fc^ffitc OSFS/ctiOSF ©^Ai}f?fiS3 C J: 
t)-y5'df';>i/g|;>3*sai/<lSl±l,. Ai-oFPD. CO 
PRCJTL /D *J X ->'>^Mf*Jtc|?a 0 V» -i; j: w^ % 
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[H 1 1 *^Hjc!>t/i;=i> 

[02] *lfeHB -cff S L /c#iSa»cD«i:&(fgo^i^RI» 
[03] :*^Bg©?l±Cf^ft-C?|±lffcJ«^(D*SSffil^ 

if^ff-c^i-htffcjs^. (b) : (a.) aypvm^mmm 

[04] 2|s:^B^-CffifflLfcCZiifCj:2,m*SB%?l±tfK 
m. ( b ) : ( a > ©i^rt«jiK±SII»ri»*t>£:#»nLfc 

[05] fie*©? i±tf J: s »^ >; a >#ifesf ii:*rni 
[06 ] fie*©?i±if:^atc*jt:f ^?i±tf3isiigrB® 

F«3XFi»flJi©M«^«:SL/fciftlB0T'A.2,. (A) ilii 

? licf ©jg^. ( B > tfiji? i±cf ©Jg^. ( c ) (gag I 

1 -fiJES^i^se. 2—>'j3>a6«?. 3— >';n>ga 

(^ffi) . 4-@?si?aD. 5 - ajss, e-s^-K 

Pg. 3 0 --#^^gi±tf^g. 3 1--?l±lfS, 3 2- 
3 S-^l/'^^'iS^**, 34 - t-d/. 3 5-»f 
V-V-y N "N-0«. OR-OS 

F^JlS. L/D" L/D«J^ ( I - y v^^SW . 
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